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FIG. 4
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Couple first securing mechanism 510
to vehicle body

:

Positioning second securing mechanism atleast | 5
partially around a portion of vehicle body
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1
NON-CONTACT INTERLOCKING ASSEMBLY

BACKGROUND

The present disclosure relates to mechanisms and, more
particularly, to an interlocking assembly that controls the
behavior of a body being assembled in the event the body
becomes dislodged during the assembly process.

At least some known vehicles are assembled in an assem-
bly line. To transfer and/or handle the vehicle during assem-
bly of the vehicle, at least some portions of the vehicle are
handled using a handling jig. For example, at least some
known vehicle components are retained by the handling jig
while the vehicle is being welded and/or otherwise worked
on. Through machine and/or operator error, it may be possible
for the component to be inadvertently jarred, dropped, and/or
otherwise mishandled during the transfer and/or handling of
the vehicle body.

BRIEF SUMMARY

In one aspect, a method is provided for controlling a behav-
ior of a vehicle body. The method includes coupling a first
securing mechanism to the vehicle body, and positioning a
second securing mechanism at least partially around a portion
of the vehicle body.

In another aspect, an interlocking assembly is provided for
use in a vehicle assembly environment. The interlocking
assembly includes a frame, a first arm coupled to the frame,
and a second arm coupled to the frame. The first arm and/or
the second arm is moveable between an open position and a
closed position, such that the first and second arms overlap to
define a first area when the first and second arms are in the
closed position.

In yet another aspect, a system is provided for use in a
vehicle assembly environment. The system includes a han-
dling jig configured to move a vehicle body towards a first
position, an interlocking assembly including a first arm and a
second arm that are each moveable between an open position
and a closed position, an actuating mechanism coupled to the
interlocking assembly, and a computing device coupled to the
actuating mechanism. The vehicle body includes a center
pillar. The computing device includes a processor, and a
computer-readable storage media having computer-execut-
able instructions embodied thereon. When executed by the
processor, the computer-executable instructions cause the
processor to determine that the center pillar is in the first
position, and actuate the actuating mechanism to move the
first arm and/or the second arm towards the closed position,
such that the first and second arms overlap to define a first
area, and the center pillar extends through at least a portion of
the first area.

The features, functions, and advantages described herein
may be achieved independently in various embodiments of
the present disclosure or may be combined in yet other
embodiments, further details of which may be seen with
reference to the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an exemplary vehicle
assembly environment;

FIG. 2 is a detailed schematic illustration of the vehicle
assembly environment shown in FIG. 1;

FIG. 3 is a perspective view of an exemplary interlocking
assembly that may be used in the vehicle assembly environ-
ment shown in FIG. 1 and in an open configuration;
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FIG. 4 is a perspective view of the interlocking assembly
shown in FIG. 3 and in a closed configuration;

FIG. 5 is a schematic illustration of an exemplary comput-
ing device that may be used in the vehicle assembly environ-
ment shown in FIG. 1; and

FIG. 6 is a flowchart of an exemplary method that may be
implemented by the computing device shown in FIG. 5 to
operate the interlocking assembly shown in FIGS. 3 and 4.

Although specific features of various implementations
may be shown in some drawings and not in others, this is for
convenience only. Any feature of any drawing may be refer-
enced and/or claimed in combination with any feature of any
other drawing.

DETAILED DESCRIPTION

The present disclosure relates to safety mechanisms and,
more particularly, to a non-contact interlocking assembly that
controls the behavior of a vehicle body in assembly process.
In one embodiment, a handling jig moves an assembly com-
ponent, such as a vehicle body, towards a first position. The
non-contact interlocking assembly includes a first arm and a
second arm that are selectively moveable between an open
position and a closed position. For example, when a center
pillar of the vehicle body is in a first position, at least one of
the first and second arms is moved towards the closed posi-
tion, such that the first and second arms overlap to define a
first area, and such that the center pillar extends through at
least a portion of the first area. Accordingly, the non-contact
interlocking assembly substantially circumscribes at least a
portion of the center pillar without contacting the center pillar
to provide a degree of control while the vehicle body is being
assembled and/or transferred between locations.

As used herein, an element or step recited in the singular
and preceded with the word “a” or “an” should be understood
as not excluding plural elements or steps, unless such exclu-
sion is explicitly recited. Furthermore, references to an
“implementation” or an “embodiment” of the subject matter
described herein are not intended to be interpreted as exclud-
ing the existence of additional implementations that also
incorporate the recited features. The following detailed
description of implementations consistent with the principles
of'the disclosure refers to the accompanying drawings. In the
absence of a contrary representation, the same reference num-
bers in different drawings may identify the same or similar
elements.

FIG. 1 is a schematic illustration of an exemplary vehicle
assembly environment 100. In the exemplary embodiment,
environment 100 includes a robot 110 and a handling jig 120
coupled to robot 110. In the exemplary embodiment, robot
110 is configured to move handling jig 120, such that han-
dling jig 120 approaches and/or engages a vehicle body 130.
In the exemplary embodiment, vehicle body 130 may be
associated with any vessel, aircraft, and/or vehicle including,
without limitation, an automobile, a truck, a boat, a helicop-
ter, and/or an airplane.

Inthe exemplary embodiment, handling jig 120 includes at
least one support mechanism 140 that is configured to verti-
cally support vehicle body 130. More specifically, in the
exemplary embodiment, support mechanisms 140 are ori-
ented to face an underside of a portion of vehicle body 130
(e.g., an upper frame), such that handling jig 120 facilitates
lifting of vehicle body 130 by robot 110. Alternatively, han-
dling jig 120 may be configured to support any portion of
vehicle body 130 that enables the methods and systems to
function as described herein.
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FIG. 2 is a detailed schematic illustration of environment
100. In the exemplary embodiment, handling jig 120 includes
a first securing mechanism 142 that includes a pad 150 and a
crowding device 160 that are configured to laterally support
vehicle body 130. In the exemplary embodiment, pad 150 is
oriented to face a first side 144 of a portion of vehicle body
130 (e.g., a center pillar 170), and crowding device 160 is
oriented to face a second, opposing side 146 of the portion of
vehicle body 130.

In the exemplary embodiment, crowding device 160 is
coupled to an actuating mechanism 180, for example, but not
limited to, an air cylinder, a hydraulic cylinder, a screw-type
drive, and/or any other device or system that is configured to
move crowding device 160 towards pad 150, such that pillar
170 1s ina first position between pad 150 and crowding device
160. Alternatively, pad 150 and/or crowding device 160 may
be configured to support any portion of vehicle body 130
using any mechanism that enables the methods and systems to
function as described herein.

In the exemplary embodiment, handling jig 120 also
includes a second securing mechanism 192 that includes an
interlocking assembly 200 that facilitates controlling a
behavior of vehicle body 130 in the event vehicle body 130
becomes inadvertently dislodged from handling jig 120 dur-
ing an abnormal operating condition (e.g., machine failure,
program anomaly, human error).

FIG. 3 is a perspective view of interlocking assembly 200
in an open configuration, and FIG. 4 is a perspective view of
interlocking assembly 200 in a closed configuration. In the
exemplary embodiment, interlocking assembly 200 includes
a first arm 210 that is selectively moveable between an open
position 212 (shown in FIG. 3) and a closed position 214
(shown in FIG. 4), and a second arm 220 that is selectively
moveable between an open position 222 (shown in FIG. 3)
and a closed position 224 (shown in F1G. 4). In the exemplary
embodiment, first arm 210 and second arm 220 are each
coupled to a respective actuating mechanism 230 (e.g., an air
cylinder) that is configured to move arms 210, 220 between
respective open positions 212, 222 and respective closed
positions 214, 224. Alternatively, one of first arm 210 and
second arm 220 may be stationary, and the other of first arm
210 and second arm 220 is configured to move between open
position 212, 222, and closed position 214, 224, respectively.

In the exemplary embodiment, first arm 210 is coupled to a
first portion 240 of a frame 250, and second arm 220 is
coupled to a second portion 260 of frame 250. More specifi-
cally, in the exemplary embodiment, first arm 210 is hingably
coupled to first portion 240, such that first arm 210 is rotatable
and/or sweepable between open position 212 and closed posi-
tion 214, and second arm 220 is hingably coupled to second
portion 260, such that second arm 220 is rotatable and/or
sweepable between open position 222 and closed position
224.

In the exemplary embodiment, first arm 210 and second
arm 220 are both sweepable within acommon plane 270, such
that second arm 220 is configured to engage first arm 210
when both first arm 210 and second arm 220 are in closed
position 214 and 224, respectively. In the exemplary embodi-
ment, first arm 210 and second arm 220 overlap to define a
first area 280 (shown in FIG. 4) extending within first plane
270 when both first arm 210 and second arm 220 are in closed
position 214 and 224, respectively.

In the exemplary embodiment, first arm 210 has a first
configuration, and second arm 220 has a second configuration
that complements the first configuration to enable interlock-
ing assembly 200 to control a behavior of vehicle body 130. In
the exemplary embodiment, first arm 210 includes ahook 290
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(shown in FIG. 3) at a distal portion 300 (shown in FIG. 3) of
first arm 210, and second arm 220 includes a first extension
member 310 (shown in FIG. 3), a second extension member
320 (shown in FIG. 3) extending generally parallel to first
extension member 310, and a linking member 330 (shown in
FIG. 3) extending between a distal portion 340 (shown in
FIG. 3) of first and second extension members 310 and 320.
Alternatively, first arm 210 and/or second arm 220 may have
any configuration that enables interlocking assembly 200 to
function as described herein.

In the exemplary embodiment, second arm 220 is config-
ured to remain a distance from and does not contact first arm
210 during normal operation of interlocking assembly 200
when both first arm 210 and second arm 220 are in closed
position 214 and 224, respectively. More specifically, in the
exemplary embodiment, a clearance 350 (shown in FIG. 4) of
about 2.0 mm is defined and/or provided between first arm
210 and a path 360 of second arm 220. Clearance 350 enables
first arm 210 to not contact second arm 220 during normal
operation of interlocking assembly 200 when both first arm
210 and second arm 220 are in closed position 214 and 224,
respectively. Alternatively, clearance 350 may be any dis-
tance that enables interlocking assembly 200 to function as
described herein.

In the exemplary embodiment, first arm 210 has a first
length 380, and second arm has a second length 390 that work
in cooperation to enable hook 290 to engage linking member
330 when a force is applied from first areca 280 towards first
arm 210 and/or second arm 220. For example, in one imple-
mentation, the force may be applied towards first arm 210
and/or second arm 220 when vehicle body 130 slips from
handling jig 120, and pillar 170 is shifted towards a second
position (i.e., a position not between pad 150 and crowding
device 160). Accordingly, in such an implementation, first
arm 210 and/or second arm 220 establish a degree of control
of vehicle body 130 in the event vehicle body 130 becomes
inadvertently dislodged from handling jig 120.

In one implementation, actuating mechanism 230 associ-
ated with first arm 210 is a locking-type cylinder that main-
tains a position of first arm 210 when a force applied from first
area 280 and/or towards first arm 210 and/or second arm 220
is less than a predetermined threshold, and “gives” (i.e.,
allows first arm 210 to be moved by the force) when the force
is equal to or greater than the predetermined threshold.
Accordingly, in such an implementation, first arm 210 moves
towards second arm 220 when a force of vehicle body 130
against first arm 210 is greater than or equal to the predeter-
mined threshold. The predetermined threshold enables first
arm 210 to not contact second arm 220 during normal opera-
tion of interlocking assembly 200 when both first arm 210 and
second arm 220 are in closed position 214 and 224, respec-
tively.

FIG. 5 is a schematic illustration of computing device 400.
In the exemplary embodiment, computing device 400
includes at least one memory device 410 and a processor 420
that is coupled to memory device 410 for executing instruc-
tions. In some implementations, executable instructions are
stored in memory device 410. In the exemplary embodiment,
programming processor 420 performs one or more operations
described herein. For example, processor 420 may be pro-
grammed by encoding an operation as one or more executable
instructions, storing the executable instructions in memory
device 410, and subsequently providing the executable
instructions to processor 420.

Processor 420 may include one or more processing units
(e.g., in a multi-core configuration). Further, processor 420
may be implemented using one or more heterogeneous pro-
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cessor systems in which a main processor is present with
secondary processors on a single chip. In another illustrative
example, processor 420 may be a symmetric multi-processor
system containing multiple processors of the same type. Fur-
ther, processor 420 may be implemented using any suitable
programmable circuit including one or more systems and
microcontrollers, microprocessors, reduced instruction set
circuits (RISC), application specific integrated circuits
(ASIC), programmable logic circuits, field programmable
gate arrays (FPGA), and any other circuit capable of execut-
ing the functions described herein.

In the exemplary embodiment, memory device 410 is one
or more devices that enable information such as executable
instructions and/or other data to be stored and retrieved.
Memory device 410 may include one or more computer read-
able media, such as, without limitation, dynamic random
access memory (DRAM), static random access memory
(SRAM), a solid state disk, and/or a hard disk. Memory
device 410 may be configured to store, without limitation,
application source code, application object code, source code
portions of interest, object code portions of interest, configu-
ration data, execution events and/or any other type of data.

In the exemplary embodiment, computing device 400
includes a presentation interface 430 that is coupled to pro-
cessor 420. Presentation interface 430 may include a display
adapter (not shown) that may be coupled to a display device,
such as a cathode ray tube (CRT), a liquid crystal display
(LCD), an organic LED (OLED) display, and/or an “elec-
tronic ink” display. In some implementations, presentation
interface 430 includes one or more display devices.

In the exemplary embodiment, computing device 400
includes an input interface 440 that is coupled to processor
420. Input interface 440 is configured to receive input from a
user. Input interface 440 may include, for example, a key-
board, a pointing device, a mouse, a stylus, a touch sensitive
panel (e.g., a touch pad or a touch screen), a gyroscope, an
accelerometer, a position detector, and/or an audio input
interface. A single component, such as a touch screen, may
function as both a display device of presentation interface 430
and input interface 440.

Computing device 400, in the exemplary embodiment,
includes a communication interface 450 coupled to processor
420. Communication interface 450 communicates with one
or more remote devices. To communicate with remote
devices, communication interface 450 may include, for
example, a wired network adapter, a wireless network
adapter, and/or a mobile telecommunications adapter.

FIG. 6 is a flowchart of an exemplary method 500 that may
be implemented by computing device 400 (shown in FIG. 5).
During operation, vehicle body 130 is approached and/or
engaged by handling jig 120 and activates a limit switch (not
shown). In the exemplary embodiment, pillar 170 is deter-
mined to be in the first position based at least in part on the
activation of the limit switch, and first securing mechanism
142 is coupled 510 to vehicle body 130. More specifically, in
the exemplary embodiment, pad 150 and/or crowding device
160 are automatically moved towards pillar 170 based at least
in part on the activation of the limit switch. Alternatively, pad
150 and/or crowding device 160 may be manually moved
towards pillar 170.

In the exemplary embodiment, second securing mecha-
nism 192 is positioned 520 at least partially around a portion
of vehicle body 130. More specifically, in the exemplary
embodiment, at least one of first arm 210 and second arm 220
is moved towards closed position 214 and 224, respectively,
such that first arm 210 and second arm 220 overlap to define
first area 280, and pillar 170 extends through at least a portion
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of first area 280. More specifically, in the exemplary embodi-
ment, first arm 210 is automatically moved towards closed
position 214 and activates a switch (not shown), an indication
that first arm 210 is in closed position 214 is received, and
then second arm 220 is automatically moved towards closed
position 224 based at least in part on the indication. Alterna-
tively, first arm 210 and/or second arm 220 may be manually
moved towards closed position 214 and 224, respectively.

In the exemplary embodiment, first arm 210, second arm
220, and frame 250 form a substantially continuous loop
around pillar 170 to facilitate controlling a behavior of
vehicle body 130 in the event vehicle body 130 becomes
dislodged from handling jig 120 under an abnormal condition
(e.g., machine failure, program anomaly, human error). In the
exemplary embodiment, second arm 220 is not in contact
with first arm 210, and neither first arm 210 nor second arm
220 are in contact with pillar 170 during normal operation of
interlocking assembly 200 when both first arm 210 and sec-
ond arm 220 are in closed position 214 and 224, respectively.
In the event that there is an abnormal condition and vehicle
body 130 becomes dislodged from handling jig 120, pillar
170 contacts firstarm 210 and forces firstarm 210 into second
arm 220. Alternatively, pillar 170 may contact second arm
220 and force second arm 220 into first arm 210.

The methods and systems described herein may be imple-
mented using computer programming or engineering tech-
niques including computer software, firmware, hardware or
any combination or subset thereof, wherein the technical
effects may be achieved by performing at least one of the
following steps: a) receiving an indication that the center
pillar is in the first position; b) actuating the actuating mecha-
nism to move the first arm towards the closed position; and/or
¢) actuating the actuating mechanism to move the second arm
towards the closed position, such that the first and second
arms overlap to define a first area, and the center pillar extends
through at least a portion of the first area.

The present disclosure relates to mechanisms and, more
particularly, to a non-contact interlocking assembly that con-
trols the behavior of a body being assembled in the event the
body becomes dislodged during the assembly process. For
example, the non-contact interlocking assembly described
herein includes a pair of arms that establish a degree of
control of a body while the body is in a state of transfer in a
welding process. The arms of the non-contact interlocking
assembly do not contact each other, or the body, during nor-
mal operation (i.e., while the body is being properly handled
during the assembly process).

Exemplary embodiments of a mechanism are described
above in detail. The methods and systems are not limited to
the specific embodiments described herein, but rather, com-
ponents of systems and/or steps of the method may be utilized
independently and separately from other components and/or
steps described herein. Each method step and each compo-
nent may also be used in combination with other method steps
and/or components. Although specific features of various
embodiments may be shown in some drawings and not in
others, this is for convenience only. Any feature of a drawing
may be referenced and/or claimed in combination with any
feature of any other drawing.

This written description uses examples to disclose the
embodiments, including the best mode, and also to enable any
person skilled in the art to practice the embodiments, includ-
ing making and using any devices or systems and performing
any incorporated methods. The patentable scope of the dis-
closure is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if
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they have structural elements that do not differ from the literal
language of the claims, or if they include equivalent structural
elements with insubstantial differences from the literal lan-
guage of the claims.

What is claimed is:

1. A method of controlling a behavior of a vehicle body, the
method comprising:

coupling a first securing mechanism to the vehicle body;

and

positioning a second securing mechanism at least partially

around a portion of the vehicle body, wherein the second
securing mechanism includes a first and second arm
coupled to a frame, the second arm including a first
extension member, a second extension member extend-
ing generally parallel to the first extension member, and
a linking member extending between the first and sec-
ond extension members at a distal portion of the second
arm, wherein positioning the second securing mecha-
nism further comprises moving at least one of the first
arm and the second arm towards a closed position such
that the first and second arms at least partially overlap to
define a first area.

2. A method in accordance with claim 1 further comprising
receiving a signal indicating the vehicle body is in a first
position relative to the first securing mechanism, wherein the
first securing mechanism is coupled to the vehicle body upon
receipt of the signal.

3. A method in accordance with claim 1, wherein position-
ing a second securing mechanism further comprises position-
ing the second securing mechanism, such that the second
securing mechanism does not contact the vehicle body.

4. A method in accordance with claim 1, wherein position-
ing a second securing mechanism further comprises position-
ing the second securing mechanism, such that the second
securing mechanism is configured to control a position of the
vehicle body when the vehicle body becomes uncoupled from
the first securing mechanism.

5. An interlocking assembly for use in a vehicle assembly
environment, the interlocking assembly comprising:

a frame;

a first arm coupled to the frame; and

a second arm coupled to the frame, and comprising a first

extension member, a second extension member extend-
ing generally parallel to the first extension member, and
a linking member extending between the first and sec-
ond extension members at a distal portion of the second
arm, wherein at least one of the first and second arms is
moveable between an open position and a closed posi-
tion, such that the first and second arms overlap to define
a first area when the first and second arms are in the
closed position.

6. An interlocking assembly in accordance with claim 5,
wherein the first arm is coupled to a first portion of the frame,
and the second arm is coupled to a second portion of the
frame.

7. An interlocking assembly in accordance with claim 5,
wherein the first arm and the second arm are each hingably
coupled to the frame.
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8. An interlocking assembly in accordance with claim 5,
wherein the first and second arms are each moveable in a first
plane.

9. An interlocking assembly in accordance with claim 5,
wherein the first arm comprises a hook at a distal portion of
the first arm.

10. An interlocking assembly in accordance with claim 5,
wherein the first arm comprises a hook at a distal portion of
the first arm, wherein the first arm is oriented to engage the
linking member when a force is applied towards the overlap
from the first area defined by the first and second arms.

11. An interlocking assembly in accordance with claim 5,
wherein the second arm is not in contact with the first arm
during normal operation of the interlocking assembly when
the first and second arms are in the closed position.

12. A system foruse in a vehicle assembly environment, the
system comprising:

ahandling jig configured to move a vehicle body towards a

first position, the vehicle body including a center pillar;

an interlocking assembly comprising a first arm and a

second arm that are each moveable between an open
position and a closed position;

anactuating mechanism coupled to the interlocking assem-

bly; and

a computing device coupled to the actuating mechanism,

the computing device comprising a processor, and a
computer-readable storage media having computer-ex-
ecutable instructions embodied thereon, wherein, when
executed by the processor, the computer-executable
instructions cause the processor to:

determine that the center pillar is in the first position; and

actuate the actuating mechanism to move at least one ofthe

first arm and the second arm towards the closed position,
such that the first and second arms overlap to define a
first area, and the center pillar extends through at least a
portion of the first area.

13. A system in accordance with claim 12, wherein the first
arm is coupled to a first portion of a frame, and the second arm
is coupled to a second portion of the frame.

14. A system in accordance with claim 12, wherein the first
and second arms are each moveable in a first plane.

15. A system in accordance with claim 12, wherein the first
arm comprises a hook at a distal portion of the first arm.

16. A system in accordance with claim 12, wherein the
second arm comprises a first extension member, a second
extension member extending generally parallel to the first
extension member, and a linking member extending between
the first and second extension members at a distal portion of
the second arm.

17. A system in accordance with claim 12, wherein the first
arm comprises a hook at a distal portion of the first arm,
wherein the first arm is oriented to engage the linking member
when a force is applied towards the overlap from the first area
defined by the first and second arms.

18. A system in accordance with claim 12, wherein the
second arm is not in contact with the first arm, and neither the
first arm nor the second arm are in contact with the center
pillar, during normal operation of the interlocking assembly
when the first and second arms are in the closed position.
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